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CRITICALLTY PEry SHEET | oF B
FAILURE MOXIE AHOD . FATLIRE EFFECT
CAUSE OH_EMG ITEM . RATIOMALE FOR ACCEPTAHCE
Lass af elevakian (tI1t) drive due | Loss of travel in tha tilt| DESTGH FEATURES
to & mechanital failure, up ¢r dews direction.
= Wakar failure Tha herltage For the TU mechanisms 1s the designs uvsed svecessfully on the Lunar
- Gaar head Failura Horst Cazg: Rover equlpmeni on the dpallo 15, 16, asd M7 missions. '
— Gear bon Failure Lose of missiaon .
~ Elevalion bearing Failurs eritical viden. Al support bearbngs 1a the azimuth and alevatien awes ars conservatively oesigned

when cawpared to tha lawnth Toad snvironment.

The design was prepared by a detailed finite element analysis of the structurs,
takiag 1nto account the derating for the Fatigue rycles rapresested by W00
wisslons. A series of develepnental tests were conducted bo varify Lhe analytical
asdels for the structure and drlve train analyses. HReviews were held at preliminary
design and ¢ritical desiga review levels Lo evaluate the designs and {est datka.

The PTU has been usad on 24 wissions at four bulkhead Yocakions and at the RM3 elbow
locatioen withaut 3 failure ia the drive Erain, axis support mechanisms, or structure.

The mounting provision From the PTU base to the orbitar structure and RMS am was
analyred for worst—case landing loads and showed adequate margins,
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1NTTY FTU
FHER WO. _2.4.2.2 SHUTTLE LCTY Duia . 2294822502 . 503504
. © CRITECAL NTEMWS LIST
CRITICALITY &l SHEET __ ¢  OF .|
FAILLURE HODE AHD ' FAILGRE EFFECT
CAUSE Off EHD TEM RATIONALE FOR ACCEPTANCE

Loss of 2lavalion JEi1L) drive dug Lass af kraval ia bhe LiTe] DUMLIFICATICN TEST
to a machanical fallure. up or down direction.
— Hotor failuwa for Qualification Test Flow, sea Tabla 2 locatad at the front of this bosk.
- Gear head Failure Worst Case:
- haar box failure Loss of missian

- Flevation bearing failuerse critical video.
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. UKIT PTL
- SHUTTLE CCT¥ owG NG, 2294822-502.503 504
FNEA WD. _2.4.2.2 CRITICAL IVEMS LIST EeT -
CRINLCALITY kA r _ —bB
E AT FAILURE EFFECT
AL ot 0ol £ND [TEW RATIONALE FQR ACCEPTAMCE
ast of elavation {kill) drive dus Loss of trevel in the tiMt] scrpprancE TEST
o a wechanical failure, up ar down direction. .
. Mztpr Failure . The CCTV systams’ PTW #s subjected diractly, without vibratlan bselators which might
+ Gear head Failore Horst Lase: ; be used in their normal installation, to tha following tecting:
. Gear hox failure Loss aof mission
. Elevation bearing failure . * Vibration: 20-80H: ; 3 dB/Ogt-rise From §.01 &2/
eva 9 critical video 80-350 iz 5.04 GE.’H:.
A50-750 Mz: -1 das18 Oct-xlaps
Test Ouratfon: 1 Hinute per Axis
Test Level! 6.6 Gros
¢ Thernal Vacuum: In 2 pressure af 10073 Tore, the tanpecatura shall ba as
fallows:
1254 F: Tige to stabliza aquipment plus 1 haur
254 Fi Time ko stabliza equipment plus 1 hour
25 F: Time to stablize equipmént plus 1 hour
The FEU map not hiwe been subjacted Lo bhe vacwum condition.
Far Acceptance Test Flow, see Table 1 Tocated at the froat of this book.
OPCAATIOMAL TESCS :
[n order to verify that CCEV componeats ara aparatioenal. a test sust wverify i
bealth af all the command relabed compenests from the PHS (ATA)) panel switch,
through the RCU, through Lhe sync liaes to the Camera/PTU, to tha Comera/PTU commamd
decoder. The test wwst also verify the camera's ability ta produca video, Lhe WSil's
abﬂilg ta rovte video, and the nonitor's ahﬂit{ ta display viden. & similar test
would ba performed to verify the HOH commend path. _
Pre-Launch oo Orbiter Test/Inflight Test
1. Fower CETY Sysies. ) .
2. Via tha PHS panel. select a nonikor A5 deskination and the camera under
test as source.
3. Send "Canera Powar 0a" cormand from PHS panal.
4, Salact "External Sync™ an munitor, .
L. Obgarve vides displayad on menitor. Hota khat if vidap on aoniter 1%
synchronized {i.a., stabl& raster} then this indicates that the tamera
is reteiving composite syae from tha RCU and that the cameva is producing
synchronlzed wideo.
6. Send Pan, Tilt, Focus, Foew, MC, anc Gatsa comands and visvally (& ther
via the mualtor ar direcl observation) verify operaiion.
7. Selact downlink as destination and comera under test as Sourca.
B. Obsevrve video routed to downlink.
9. Send "Camerd Power HfFY command wia PHS panel.
10. fepeat Steps 3 throwgh & gxcepl i5Spe conmands via the MOH cammand path.
Ihis proves that the CCTY equipment is operatianal.
AR 22 e
A -



. ‘

REVISED 5.7-87

FHEA WO. _ 2.4.2.2

CRITICALITY s

UHIT ETU
SHUTTLE CCTV DG MO. 2204R22-50F 503 S04

CRITACAL 1TEWS LIST
SHEET _ 4  OF _ B

FATLURE HOLE AND
. LAUSE

FAILIME EFFECT
OM EHD TFEH

RATEDNALE FOR ACCEFTANCE

Loss of elevation (Lilt) drive due
to 3 mechanical failure.

- Motor failura

— fpar head failure

— Gear pox failurs

— Elevalian bearing failura

Lass of travel bn the tilL
v or down direction.

Horst Case:
Loss of mission
critical videa.

DA/THIPECTION

Procurenent Contral — Tha PTU EEE Parts and hardware 1tess sv@ procurad from
approved vendars and suppliers, which ssat the requirements set forth in the LCTV
cantract sed Quality Plan Hork Statesenk {WS-2593176). Resident DLAS parsonnal
review 211 pracurenent documents to establish tha need for G51 an salactad parts
{Fal 511},

logeming lnspectioaa and Starggg — Incoming Quality isspectians are nade oa all
received aaterialy amd parts. Results are recorded by 1ot and relained ia file by
drmrir.g and cenktrol u.nIars for Fukure referenée and traceakility. A1 EEE paris
are subjected to iecowmiayg accepiance tests as called for In PAI ;IE = Incoming
Inspeclion Tast Instructiens. Incoming Flight paris are furlher processed ia
accordance with RCA 1846084 - Preconditioning and Acceptasce Requiranents For
Elecirunic Parts, with the axception thak DFA and FIMD testing 5 nei performed.
Mechanical ilems are inign:ted par PAL 316 - Inceming lnspect?in Instructions far
mechanical fLems, PAT 305 - Encoming Quallty Contrel Inspection Instrection, and
PFal 612 - Procedure for Frocessing Incaming or Purchased Parts Designated For
Fllght Usé. Accapted items are dflivered Lo Material) Lontrolled Stores and rebained
vnder specified conditions undil fabricatios is required. Kon—cenforming materials
are held for Makgrial Review Board (HRB) dispesitien. [(PAI 307, PAL IQC-530).

Board Assenmbly & Test - Priar ta the start of PTU board assewbly, a1l itens are
verified to ba coarrect by stock room personnel, as the items are accumulated ta form
a kit. The 1tens ave verified again by the operator who assswbles the kit hy
cheching against the as-builb-parts-)ist (ABFLY. DCAS Mandatary Iospection Points
are gesignatat for 211 pristed circuik, wire wrap and welded wirs boards, plus
harniss conrectors for soldering wiring, crimping, solder splices and quﬂgl:y
:urkmnship prior to cnating of the component side of buards amd sleeving of
ArteSsses .

tpecific PTU board assembly and test 1astruciions ara provided in drawing notas, and
applicable gocvments are cadled gut in the Fabrication Frocedure and Kecord
IFPR-2294852} and parks sk PL 2294822, These include wlre connection Lisk 2295901,
Procese Standard H1V=-565 228081, Process Standard - Bonding elcro Tape 2280643,
Specification 4oldering 2200749, Specification Name Plate AppH cakion 1964187,
Spacification — Crimping 2280800, Specification - Banding and Staking 2280873,
$pecification — Urethane coaling 2268877, Specification - locking compound 2026115,
Spacification Epoxy Adhesive IIN9EE, Specificaktion - Harl:iﬂ% ZZSI]EIT&. Specificachon-
Hyriownslip 8030835, Sperification Eonding and Staking 2280875,
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CRETICAL [TEMS LIST
CRITICALITY gi2 EHeeY __§ = OF __ .
FAILAME HOOE AHD FALLURE EFFECT
LAUSE DM EHD [TEM __ RAYIONALE FOR ACCEPTANCE
ioes of elevalion (Litt) driva due | Loss of tvavel in the tilt] GAZIMSPECTION (Continued)
ta a mechanical Failura. up or dawn diraction.
- Motor failura PIU Assgebly and Tast — An epes box Last $s parformed par TP-IT-2294027, and aa Acceplance
- Gear head Tailure Yorst Case: _ Test par TP-AT-2294822, imctuding vibration apd Lhevnal vacuum. Terques are spechfied and
_ Gaar bow failure Loss of mission witnessed, traceabllity nwabers 3rg vecordsd and calibrated toals are cheched prisr
- Elevation dearing falilere critical vides to use. RCA Quality amd DCAS inspections ara gari-md at the conpletien »f
vices. specifled FPR oparations in accordance with PAI-204, PAI-205, PAL 206 and PAI 217.
A% personnel wikness PTU button-up and critical torquing. RCA and DCAS persownel
moniter acceplance kests and reviaw tha test dakafresulis. These persgnnel also
inspact For conformance after all repair. rework and retest.
mg,ua_-l.j_m_mr_:hj.mnj; - The FTU 75 packaged a:mrnin? to CCTV Lektter BQ1H and
708746, Process standard for Packaging and Handling guldelines. AV ralated
documentation 1ncluding acsembly Irawin?s. Parts List. ABFL, Test Data, eic, is
gathered and hald in a dacuseniation folder assigned specifically to gach assembly.
This Folder iz retained for vefarence. An ETOP is prepared for each PTU in
accordance with the requirements of WS-2593176. RCA QU and DCAS persosnel witnais
crating, packaging, packing and warking, and review \he EIDF for conpletengis and
ArLyuracy. :
(PR " 2B ooy AT
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FMEA MO. _ 2.4.2.¢

CRITICALITY 212

UHIT FTU
SHUTTLE CCTY ONG W 234822 502,503, {4

CRITICAL ITEMS LIST
SHEET _& = OF _8__

FAILUAC HOOE AMG

FATLURE EFFECT
(M LHD [TEH

RATIGHALE FOR ACCEPTANCE

Loss of elewabion (ti1t) drive dua
to a mechanical failure.

Mator faiture

Gaar heod Failure

Gear bhow fFailura

Elevabtion hearing fallure

Loss of travel in the L1t
up or down direction.

borst Case:
Loss of mission
critical viden,.

FALLURE HISTORY
TOR-CO642 Log #2107-PTU-5/0030-507
TOR-COBA3 Log #2102-PTI-5/00030-503

Description: Evalostban Test Failure, Box Lave] Ackient Eeviconment. Pan-Tilg wnit
wil] not Litt.

‘[duse: Stepper mokor gear trals ratailin? clip was not fully seakad. This cavsed
Interference with interaal arc riag, causing Veis of tarqua.

Corractive Action: Retalaing cHp grodve was wideaad by 8.D82-In. alVowing auter ring
clip to saat proparly.

TIR-WZ599 Lag #0418 PTII-S.P’H[IIEI—HII

Descrintion: Acceplance Tast Fallura, Box Laval Azhienk Enviromnt. Ouring M-axin
vibration checking, ti1t up and down was observed to hamg wp.

Laugg: Tolerance build-up in yoka and baaring assembly together with pxcessive
protrusion of screm heads.

{ Add shims Lo assechly per ECH 81155 to assure fres play s
¢liminated. Assure screw heads do qot protrude above surface. A1l pther unlts
neasured ta insure adequate cl=arance.
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SHUTTLE LCTY DWE NO. 2294827 5A7, 583,504
FMEA NO. _ 2.4.2.2 CRITICAL 1TEMS LT5T GeT .
CRLTICALLITY e

FALLURE I'IIIEE AND

FAILLRE EFFECT
GH END TTEH

_RATIONALE FOR ACCEFTAHCE

Loss of elevation [ti1t} drive dua
ts & mechaaical failure.

- Motor failure

- Gaar head Failore

- Gear box failure )

- Elevatian hearing failura

[reelil

Loss of travel in dha t114
up Dr down divection.

Worst Case:
Loss aof misstan
critical yideo,

FALLURE HISTURY

TR C45%94 — Log #2088 — PYL §/M038-503
1OR (4647 - Log #2097 - FTI $/M03)-503
T0rR B3483 — Log #1155 — FIU S/M037-503

Qescriplion: Fr@launch Test Failura, Bon Leval Amblaat Environoeny. Tilt function is
intarmittent. It doss sok traval ak khe sape specd through entirs cycle.

fause: Larga saap ring om osuter shafl iaterferiag with snall snap risg.

forrective Action: The gear head retaining clip groove whs widened hy D.002<in.
i”wing the cuter retaining ring ¢¥p to seal deepar and mot interfara with the inner
clip.

TOR (0641 - Leg #2100 - PTU S/HD3N-S03

Description: Evaluatiosn Test Failure, Part Level, Anbient Environment Tilt Stepper
Hotor Tstermittent, [Yendar Evaluation)

Cause: Gear Train Retaing Ring nat full seated.
+  (grrectiyve &ctign: The gear head retaining clip groove was widenad by D.00Z-in,

allawing the outer rataining ring clip ta saat dagper and apk inkerfere with the innar
clip. '

Lo gy Al -
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FHEA HO. _2.4,2.2

CRITLCALITY _ 242

UNIT PIU
SHITTLE LCTY OWG HO, =

LRITICAL TITEMS LIST
SHEET i ar _8

FAILURE WOGDE AMD

FA[LURE EFFECT
OH EHD [TEH

RAT]OWALE FOR ACCEFTANCE

_ CAUSE

Loss of elevatisn {Eilt) drive due
te a mechanlcal failure.

- Hotor fallura

- Gear head failure

- Grar ban Falluere

- Elevation bearlng failure

Loes of travel in the ti1t
wp ar dows directian.

Worsk Lase:
Loss of mission
critical video.

DPEEATIOMAL EFFECTS

Fasgible 1oxs of major misshon objectives due to inabitity to position camera for
desired FOV.

CREY ACTION

If possible, costiaue misslan using alternate visval cues.

'LREY TRAINING

Crew shauld be Lrained to use possible altersatas to CCTV.

BISS[0H COHITRAINT
Whare passible prucedures should be designed so they can he accompltished wikhoue COTV.



